Abstract: Five species of weevils in the tribe Phyllobiini (Coleoptera: Curculionidae: Entiminae) [Phyllobius glaucus (Scopoli, 1763); Phyllobius virideaeris (Laicharting, 1781); Parascythropus mirandus Desbrochers, 1875; Oedecnemidius pictus (Steven, 1829); Oedecnemidius saltuarius (Heyden, 1888)] were studied to generate analyses of their relationships. Those interspecific relationships were inferred from morphological characters as well as 18S rDNA sequencing data. Phylogenetic trees based on sequencing data were built with Neighbor Joining (NJ), Maximum Likelihood (ML), and Maximum Parsimony (MP) algorithms; morphology-based trees were created using UPGMA (Unweighted Pair Group Method with Arithmetic Mean). The trees have a similar topology.
Members of weevil tribe Phyllobiini Schoenherr, 1833 feed on a variety of plant species placed in the orders Urticales, Salicales, Betulales and Rosales (Pesarini, 1980) . Larvae and adults feed on roots, stems, leaves, and fruits. Consequently, they can have a detrimental effect on agricultural crops and forest trees causing significant economic losses (Pesarini, 1980) . The Phyllobiini are widespread beetles distributed in the Palearctic biogeographic region. This group of curculionids has been investigated by Hoffmann (1950) , Angelov (1976) , Korotyaev and Egorov (1977) , Dieckmann (1980) , Pesarini (1980) , Pişer (2001) as well as Yunakov and Korotyaev (2007) . Currently, 120 species belonging to eight genera are recognized. Thirty-four species belonging to eight genera are known to occur in Anatolia (Pesarini, 1980; Lodos, et al., 2003) .
Numerous placements of some species in this tribe have been made based mostly on morphological traits. For instance, Hoffmann (1950) subdivided the species of Phyllobius into seven subgenera. Subsequently, Dieckmann (1980) separated Phyllobius into eight subgenera, with Phyllobius pictus and Ph. viridearis placed in the subgenera Phyllerastes and Subphyllobius, respectively, whereas Ph. glaucus was placed in the subgenus Phyllobius. Pesarini (1980) and Lodos et al. (2003) elevated all Dieckmann's subgenera to genera. Three of those genera include the five species of interest in this study: Parascythropus mirandus Desbrochers, 1875 , Phyllobius [Ph. glaucus (Scopoli, 1763 and Ph. virideaeris (Laicharting, 1781)], and Oedecnemidius [Oed. pictus (Steven, 1829) and Oed. saltuarius (Heyden, 1888) . At the species level, while Dieckmann (1980) and Lodos et al. (2003) placed Phyllobius pictus in Phyllobius, Pesarini (1980) placed Ph. pictus in a different genus, as Oedecnemidius pictus. Also, while Pesarini (1980) removed Parascythropus mirandus from Phyllobius, Lodos et al. (2003) proposed that Par. mirandus belongs in the genus Phyllobius. Because these studies proposed different placements, we decided to combine morphological characters and nucleic acid (DNA) sequencing data to resolve the relationships. As far as we know, this is the first time molecular data have used to study the evolutionary relationships within the Phyllobiini. saltuarius. Also, we analyzed morphological data, selected from identification keys and species descriptions, to further clarify the relationships among the taxa studied. Those genera or species have been directly or indirectly the target of some of the classification changes that have occurred after Hoffman (1950) .
At least a dozen specimens of each species were collected in central Anatolia between 2011 and 2012 ( Figure 2 ) and deposited at the Ahi Evran University Zoology Museum Entomology (AUZM-Ent.). A small body part of one specimen per species was used to amplify DNA for the molecular study. DNA isolation, PCR amplification of 18S rDNA and sequencing. As is commonly done for other organisms, we sequenced the 18S subunit of the ribosomal DNA, abbreviated 18S rDNA, located in the nucleus, to evaluate the phylogenetic relationships between these five taxa of Phyllobiini. It is generally accepted, however, that the results of phylogenies based on sequencing data are more compelling when they are supported by other types of traits, such as morphological characters.
Total genomic DNA for each species was isolated from whole-organisms using a High Pure PCR Template Preparation kit (Roche, GmbH, Germany) based on the manufacturers' recommendations. A sample, or aliquot, of the isolated DNA was evaluated using a NanoDrop 2000 spectrophotometer (Thermo Scientific, Wilmington, Delaware, USA) to evaluate the quality (absorbance ratio) of DNA samples. The integrity of the DNA samples was also verified by agarose gel electrophoresis containing ethidium bromide and visualized with a UV transilluminator (Vilber Lourmat, Marne la Vallée, France). One primer pair (BoF1: CTCAGTACAAGCCAAATTAAGG) and (BoR1: CAGTATTCAGGCGAAGTTTTAG) was synthesized for determining the partial sequence of 18S rDNA. These primers were subjected to Primer3 Input software (http://frodo.wi.mit.edu/primer3/). The PCR was performed using a TC-5000 gradient thermal cycler (Techne, Stone, Staffordshire, UK) in 50 μl reaction volumes containing 31.6 μl sterilized deinonized water, 0.4 μl ExTaq polymerase (5 U/μl Takara), 5 μl Ex Taq buffer (Takara), 2 μl MgCl 2 (25 mM), 5 μl dNTP mix (2.5 mM each), 2 μl forward primer (10 pmol), 2 μl reverse primer (10 pmol) and a 2 μl template containing approximately 100 ng DNA under the following conditions: one cycle of an initial denaturation at 94 °C for 5 min, 35 cycles of 30 s denaturation at 94 °C, 1 min annealing at 54 -56 °C and 1.5 min extension at 72 °C and followed by 10 min final extension at 72 °C. The amplicons were separated and evaluated by electrophoresis in 2% agarose gel with a negative control using 1X TBE buffer. The amplicons were purified by using a High Pure PCR product purification kit (Roche Applied Science) following the supplier's instructions. The purified products were directly sequenced on an automated sequencer at the BioBasic sequencing facility (Shanghai, China). These PCR primers and all the amplicons were sequenced in both directions. The average amplicon size was 720 bp.
Sequence analysis and phylogenetic tree construction. The nucleotide sequences of 18S rDNA were used to determine the phylogenetic relationships of five species in the Phyllobiini (parenthetical number refers to repository in GenBank: Phyllobius glaucus (KJ748491), Phyllobius virideaeris (KJ748487), Parascythropus mirandus (KJ748489), Oedecnemidius pictus (KJ748492), and Oedecnemidius saltuarius (KJ748488). The 18S rDNA were analyzed and aligned in BioEditv7.1.3 using the ClustalW multiple sequence alignment method (Hall, 1999) . Three fundamentally different, yet widely used, phylogenetic inference approaches, namely, Neighbor Joining (NJ), Maximum Likelihood (ML) and Maximum Parsimony (MP) were used to reveal phylogenetic relationships. Within each method, we tried different models and noticed no significant differences among the trees generated. All of these analyses were performed using MEGA v5 software (Tamura et al., 2011) . The NJ tree was constructed based on the Kimura-2 parameter model. The MP tree was obtained using the Subtree-Pruning-Regrafting (SPR) algorithm. The ML tree reconstruction was generated using the Jones-Taylor-Thornton (JTT) amino acid substitution model. The rates among sites were set in a gamma distribution within variant sites (G+I) and then nearest neighbor interchange was selected as the maximum likelihood heuristic method. The statistical confidence of the trees was established by bootstrap analysis with 1000 replications.
Relationships using on morphological characters. Specimens were examined with a light microscope to identify morphological characters for the analyses. Thereafter, the characters chosen were designated 0, for absent, and 1 for present. These characters, in a form of a data matrix, were entered into NTSYS (2.1), a program for phenetic analyses, to obtain a dendrogram using the UPGMA (Unweighted Pair Group Method with Arithmetic Mean) algorithm. The data matrix used for the phylogenetic relationships using morphological characters is presented in Table 1 . Weevil nomenclature and classification used herein follows Alonso-Zarazaga and Lyal (1999) and Pesarini (1980) .
Results and Discussion
Our analyses support the systematic placement suggested by Pesarini (1980) and Lodos et al. (2003) . As shown in the UPGMA dendrogram (Figure 3) , Phyllobius glaucus and Ph. virideaeris cluster together. Parascythropus mirandus is a sister taxon to the species of Phyllobius studied even though it does not resemble them morphologically. Furthermore, Oedecnemidius pictus and Oed. saltuarius are morphologically different from both Phyllobius and Parascythropus. This result is consistent with previous findings proposing Oedecnemidius as a distinct genus in tribe Phyllobiini (Pesarini, 1980; Lodos et al., 2003) . 
Ph. virideaeris
The tree constructed based on ML/MP/NJ algorithms and the morphologybased tree generated with UPGMA yield trees sharing the same shape, or topology. Phyllobius (Ph. glaucus and Ph. virideaeris) and Oedecnemidius (Oed. pictus and Oed. saltuarius) are clustered together with a high confidence value (Figure 4 ). In parallel with the UPGMA tree, Parascythropus mirandus is separated from Phyllobius and Oedecnemidius, suggesting that its placement in its own genus is justified. Because only five species were analyzed in this pilot study, additional investigations will help to establish clearer trends within the Phyllobiini and to determine the status of other taxa in the subfamily Entiminae.
